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® Wholly aromatic polyester composition and process for producing it 



® There is provided a wholly aromatic polyester composition comprising 

(a) 100 parts by weight of a wholly aromatic polyester based on an aromatic dicarboxylic acid, an aromatic 
dihydroxy compound and/or an aromatic hydroxcarboxylic acid, and (b) from 5 to 300 parts by weight of 4,4'- 
diphenoxydiphenylsulfone, 4,4'-bis(4-chlorophenoxy)diphenylsulfone, 4,4'-bis(3-chlorophenoxy)diphenylsulfone, 
4,4'-bis-(2-chlorophenoxy)diphenylsulfone, 4,4'-bis(4-phenylphenoxy) diphenylsulfone, 4,4'-bis(3-phenylphenoxy)- 
diphenylsulfone, 4,4'-bis(2-phenylphenoxy)diphenylsulfone, 4,4'-bis(4-t-butylphenoxy)diphenylsulfone, 4,4'-bis(3-t- 
butylphenoxy)diphenylsulfone, 4,4'-bis(2-t-butyiphenoxy)diphenylsulfone, 4,4'-bis(4-octylphenoxy)diphenylsulfone, 
4,4'-bis(3-octylphenoxy)diphenylsulfone, • 4,4'-bis(2-octylphenoxy)diphenylsulfone, 4,4'-bis(alpha-naphthyloxy)- 
diphenylsulfone, 4,4'bis(beta-naphthyloxy)di phenyl su If one, 4,4-bisphthalimidodiphenylsulfone, 4,4'-bis(4-phenox- 
yphenoxy)diphenylsulfone, 3,3'-bisphthalimidodiphenylsulfone and/or 4,4'-bis(4-t-octylphenoxy)diphenylsulfone. A 

^process for producing the composition is indicated as well. The composition has improved properties for 

^ producing molded articles. 
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WHOLLY AROMATIC POLYESTER COMPOSITION AND PROCESS FOR PRODUCING IT 

This invention relates to a wholly aromatic polyester composition and a process for producing it. 
More specifically, this invention pertains to a wholly aromatic polyester composition comprising a wholly 
aromatic polyester and a melt viscosity-reducing agent and a process for producing the wholly aromatic 
polyester composition by polycondensing materials for producting a wholly aromatic polyester in the 

s presence of the rneit viscosity-reducing agent. 

Various uses have been studied and proposed in the past for wholly aromatic polyesters derived, for 
example, from aromatic dicarboxylic acids and aromatic dihydroxy compounds because they have excellent 
thermal stability and mechanical properties. Generally, wholly aromatic polyesters have a high melt 
viscosity, and require much higher molding temperatures than other polyesters as polyethylene tereph- 

70 thalate. Methods have therefore been investigated for reducing the high melt viscosity or high molding 
temperature of wholly aromatic polyesters and thus improving their moldability. They include, for example, 
the mixing of various other polymers such as polyethylene (JP-B 51948/1973), polycarbonate (JP-B 
54158/1973), and polyethylene terephthalate (JP-B 54158/1973). These mixed polymers, however, usually 
remain in the final molded articles, and such methods give rise to the new problem that the remaining 

75 polymers impair the inherent excellent properties, such as thermal stability, chemical resistance and 
mechanical properties, of wholly aromatic polyesters. 

By melting characteristics, wholly aromatic polyesters can be roughly divided into those which form 
optically anisotropic melts and those which form optically isotropic melts. Since in the melt molding of a 
wholly aromatic polyester which forms an optically anistropic melt the polymer molecular chains tend 

20 greatly to be oriented in the flowing direction of the melt, it is diffucult to produce from such a polymer a 
molded article having a good balance between the flowing direction of the melt and a direction at right 
angles to it. 

It was proposed to produce a film having properties well balanced between the machine and transverse 
directions from a wholly aromatic polyester which forms an optically anistropic melt (EP-A 0024499 and US- 
25 A 4333907). 

The basic feature of this method is that immediately after the melt is extruded, the extrudate is 
stretched to more than 1.5 times both in the extruding direction and a direction at right angles to it. In order 
to produce a film having excellent uniformity, however, strictly controlled conditions must be maintained. 
It Is an object of this invention to provide a novel wholly aromatic polyester composition. 
30 Another object of this invention is to provide a novel wholly aromatic polyester composition which is 
suitable for the production of molded articles such as films or fibers. 

Still another object of this invention is to provide a wholly aromatic polyester composition having 
excellent moldability and a melt viscosity in the molten state which is lower than that of the wholly aromatic 
polyester and is suitable for melt molding. 
35 Still another object of this invention is to provide a wholly aromatic polyester composition having 
excellent moldability, which can be melt-molded at much lower temperatures than that at which the wholly 
aromatic polyester itself can be molded. 

Still another object of this invention is to provide a wholly aromatic polyester composition containing as 
a melt viscosity-reducing agent or a melt-moldabllity improving agent a specified low-molecular-weight 
40 compound which is substantially non-reactive with the wholly aromatic polyester and can be easily removed 
from a molded article prepared from the composition. 

Still another object of this invention is to provide a wholly aromatic polyester composition comprising a 
wholly aromatic polyester forming an optically anisotropic melt and a melt viscosity-reducing agent, which 
can be molded into a thin article, such as a film, of an optically anisotropic wholly aromatic polyester having - 
45 properties well balanced between the flowing direction of the melt and a direction at right angles to it. 

Still another object of this invention is to provide a process for very easily producing the wholly 
aromatic composition of the invention, which comprises polycondensing in the molten state raw materials * 
for a wholly aromatic polyester in the presence of a non-reactive low-molecular-weight melt viscosity- 
reducing agent, whereby the melt polycondensation can be carried out at a much lower temperature, and 
so until a polymer of a much higher molecular weight is obtained, than in the case of melt-polycondensing the 
aforesaid materials in the absence of the melt viscosity-reducing agent. 
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Still another object of this invention is to provide a process for producing a film-like or fibrous article of 
a wholly aromatic polyester from the wholly aromatic polyester composition of the invention, which 
comprises the steps of melt-molding the wholly aromatic polyester composition into a film-like or fibrous 
article, and removing the melt viscosity-reducing agent from the resulting film-like or fibrous article by 
5 extraction. 

Still another object of this invention is to provide a process for producing a molded article of a wholly 
aromatic polyester, which comprises forming an optically isotropic melt of the wholly aromatic polyester 
composition in accordance with this invention comprising a wholly aromatic polyester forming an optically 
anisotropic melt and a melt viscosity-reducing agent molding the melt into a film-like or fibrous article, and 
70 then removing the melt viscosity-reducing agent from the resulting article by extraction. 

Further objects and advantages of this invention will become apparent from the following description. 
The objects and advantages of this invention are achieved in accordance with this invention by a wholly 
aromatic polyester composition comprising 100 parts by weight of a wholly aromatic polyester containing as 
a main component at least one compound selected from the group consisting of aromatic dicarboxylic 
75 acids, aromatic dihydroxy compounds and aromatic hydroxycarboxylic acids, and 5 to 300 parts by weight 
of a low-molecular-weight compound being substantially non-reactive with the wholly aromatic polyester and 
having a boiling point of at least 200° C under atmospheric pressure and a molecular weight of not more 
than 1,000. 

According to this invention, the aforesaid wholly aromatic polyester composition can be produced by a 

20 process which comprises polycondensing in the molten state a polyester-forming starting mixture consisting 
mainly of at least one compound selected from the group consisting of aromatic dicarboxylic acids, 
aromatic dihyxroxy compounds, aromatic hydroxycarboxylic acids and ester-forming derivatives of these 
compounds in the presence of a low-molecular-weight compound having a molecular weight of not more 
than 1 ,000 which is substantially non-reactive with the starting mixture and the wholly aromatic polyester 

25 formed and is difficult to evaporate at least under the polycondensation conditions, thereby converting the 
starting mixture to a wholly aromatic polyester having a high molecular weight. 

The wholly aromatic polyester composition of this invention can of course be prepared also by melt- 
mixing the wholly aromatic polyester with the low-molecular-weight compound. The process of this 
invention, however, is advantageous over this mixing method in that the temperatures to be loaded on the 

30 wholly aromatic polyester and the low-molecular-weight compound can be greatly decreased. 

This, firstly, brings about the advantage of inhibiting the thermal decomposition of wholly aromatic 
polyesters because wholly aromatic polyesters generally have a high melting point and are susceptible to 
decomposition at molding temperatures above their melting points. A second advantage is that wholly 
aromatic polyesters having a high molecular weight can be produced at lower polycondensation tempera- 

35 tures than by a usual polycondensation process in which polycondensation is carried out in the absence of 
the low-molecular-weight compound; wholly aromatic polyesters having a higher degree of polymerization 
can be produced at the same polycondensation temperature; and a special polycondensation reaction 
apparatus requiring heating at high temperatures, as in the practice of a usual polycondensation process, is 
not always necessary. 

40 Since according to the process of this invention, the above low-molecular-weight compound can 
drastically reduce the melt viscosity of wholly aromatic polyesters, polycondensation can be performed 
more rapidly, and wholly aromatic polyesters having a higher molecular weight can be produced more 
rapidly, than in the case of performing polycondensation in the absence of the low-molecular-weight 
compound. 

45 The polyester-forming materials used in the process of this invention include aromatic dicarboxylic 
acids, aromatic dihydroxy compounds, aromatic hydroxycarboxylic acids and ester-forming derivatives of 
these compounds. 

Examples of preferred aromatic dicarboxylic acids are terephthalic acid, isophthalic acid, naphthalene- 
dicarboxylic acid, diphenyldicar boxy lie acid, diphenylsulfone dicarboxylic acid, diphenoxyethane dicarbox- 
50 ylic acid, diphenyl ether dicarboxylic acid, methylterephthalic acid and methylisophthalic acid. Terephthalic 
and isophthalic acids are especially preferred. 

Examples of the aromatic dihydroxy compounds include hydroquinone, resorcinol, chlorohydroquinone, 
bromohydroquinone, methylhydroquinone, ethylhydroquinone, t-butylhydroquinone, t-amylhydroquinone, t- 
heptylhydroquinone, (orphenylethyl)hydroquinone, (2-phenylprop-2-yl)-hydroquinone, phenylhydroquinone, 
55 benylhydroquinone, methoxyhydroquinone, 4,4'-dihydroxydi phenyl, 4,4'-dihydroxydiphenyl ether, bis(4- 
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hydroxyphenoxy)ethane, 2,2'-dimethyl-4,4'-dihydroxydi phenyl, 3,3'-dimethoxy-4,4'-dihydroxydiphenyl ether, 
bis(2-chloro-4-hydroxyphenoxy)ethane. 2,2-bis(4-hydroxyphenyi)propane and 1 ,1-bis(4-hydroxyphenyl)- 
cyclohexane. Of these, 2,2-bis(4-hydraxyphenyl)propane, hydroquinone and substituted hydroquinones such 
as methylhydroqulnone are preferred. 

5 Examples of the aromatic hydroxycarboxylic acids Include p-hydroxybenzoic acids, 4-hydroxydiphenyl- 
4'-carboxylic acid, 3-chloro-4-hydroxybenzoic acid. 3-methoxy-4-hydroxy benzoic acid, 3-ethoxy-4-hydrox- 
ybenzoic acid. 2-methyl-4-hydroxybenzoic acid, 3-methyl-4-hydroxybenzoic acid, 2-phenyl-4-hydroxyben- 
zoic acid, 3-phenyl-4-hydroxybenzoic acid, 2-chloro-4-hydroxydiphenyl-4'-carboxylic acid, and 2- 
hydroxynaphthalene-6-carboxylic acid. Of these, p-hydroxybenzoic acid is preferred. 

70 The ester-forming derivatives of the aromatic dicarboxylic acids may, for example, be lower alkyl esters 
or aryl esters, such as dimethyl, diethyl, diphenyl, ditolyl and dinaphthyl esters, of the above-exemplified 
aromatic dicarboxylic acids. Of these, the aryl esters, above all diphenyl esters, are preferred. Examples are 
diphenyl terephthalate and diphenyl isophthalate. 

The ester-forming derivatives of the aromatic dihydroxy compounds may, for example, be lower fatty 

75 acid esters of the above-exemplified aromatic dihydroxy compounds, such as the acetates or propionates. 
Examples include hydroquinone diacetate and hydroquinone dipropionate. 

The ester-forming derivatives of the aromatic hydroxycarboxylic acids may, for example, be lower alkyl 
esters, aryl esters or lower fatty acid esters of the above-exemplified aromatic hydroxycarboxylic acids. The 
lower alkyl esters and aryl esters are esters formed at the carboxyl group of the aromatic hydroxycarboxylic 

20 acids, and the lower fatty acid esters are esters formed at the hydroxyl group of the aromatic hydroxycar- 
boxylic acids. To cite some examples of the esters of p-hydroxybenzoic acid, there can be mentioned 
methyl p-hydroxybenzoate, ethyl p-hydroxybenzoate, phenyl p-hydroxybenzoate, tolyl p-hydroxybenzoate, 
p-acetoxybenzoic acid, and p-propionyloxybenzoic acid. Especially preferred ester-forming derivatives of 
the aromatic hydroxycarboxylic acids are aryl esters, above all phenyl esters such as phenyl p-hydroxyben- 

26 zoate. 

According to the process of this invention, the polyester-forming materials are used in such proportions 
that the carboxyl groups or the ester-forming derivatives thereof are substantially equal in chemical 
equivalent to the hydroxyl groups or the ester-forming derivatives thereof, as is well known in the art. When 
a polyester-forming material having ah ester-forming derivative of the carboxyl groups is used, there should 

30 be present another polyester-forming material having a free hydroxyl group in an amount substantially 
equivalent to the carboxylate group. Likewise, when a polyester-forming material having an ester-forming 
derivative of the hydroxyl group is used, there should be present another polyester-forming material having 
a free carboxyl group in an amount substantially equivalent to the hydroxyl ester. 

The polyester-forming materials used in the process of this invention may further include ester-forming 

as compounds other than the aforesaid aromatic compounds. Examples of such other compounds are aliphatic 
or alicyclic dicarboxylic acids such as adipic acid, sebacic acid and cyclohexanedicarboxylic acid, or their 
ester-forming derivatives such as their alkyl or aryl esters, which may replace up to 30 mole% of the 
aromatic dicarboxylic acids. 

Examples of the other compounds which can replace up to 30 mole% of the aromatic dihydroxy 

40 compounds include aliphatic or alicyclic diois such as ethylene glycol, neopentyl glycol, hexamethylene 
glycol, tetramethylene glycol and cyclohexane dimethylol. 

As other compounds which can replace up to 30 mole% of the aromatic hydroxycarboxylic acids, there 
can be cited hydroxycarboxylic acids having an aliphatic hydroxyl group, such as p-hydroxyethoxy benzoic 
acid and hydroxycaproic acid, and their ester-forming derivatives such as their aryl, alkyl and lower fatty 

45 acid esters. 

The aforesaid other ester-forming compounds may be used singly or as a mixture of two or more. 
When two or more of them are used, the total amount of these should preferably not exceed 30 mole% of 
the entire aromatic compounds used as main components. 

The melt viscosity-reducing agent used in the process of this invention is a low-molecular-weight 

so compound with a molecular weight of not more than 1,000 which is substantially non-reactive with the 
polyester-forming materials and the wholly aromatic polyester and is difficult to distill off at least under the 
polycondensation conditions, and thus, has a boiling point under atmospheric pressure of at least 200° C. 
Preferred are those having a boiling point of at least about 250°C, especially at least about 300°C, or a 
molecular weight of not more than 800. 

65 The low molecular-weight compound used in this invention is selected from the group consisting of 4,4- 
diphenoxydiphenylsulfone, 4,4'-bis(4-chlorophenoxy) diphenylsulfone, 4,4'-bis(3-chlorophenoxy)- 
diphenylsulfone, 4,4'-bis(2-chlorophenoxy)diphenylsulfone, 4,4'-bis(4-phenylphenoxy)diphenylsulfone, 4.4- 
bis(3-phenylphenoxy) diphenylsulfone, 4,4'-bis(2-phenylphenoxy)diphenylsu!fone. 4.4'-bis(4-t-butylphenoxy)- 
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diph8nylsuffone, 4 f 4'-bis(3-t-butylphenoxy)diphenylsulfone. 4,4'-bis(2-t-butylphenoxy) diphenylsulfone, 4,4'- 
bis(4-octylphenoxy)diphenylsulfone, 4,4'-bis(3-octylphenoxy)diphenylsuffone, 4,4'-bis(2-octylphenoxy)- 
diphenylsulfone, 4,4'-bis(or-naphthyloxy) diphenylsulfone. 4,4'-bis(j3-naphthyloxy)diphenylsulfone, 4,4'-bisph- 
thalimidodiphenylsulfone, 4,4'-bis(4-phenoxyphenoxy)diphenylsulfone, 3,3'-bisphthalimidodiphenylsulfone 

5 and 4,4'-bis(4-t-octy!phenoxy)diphenylsulfone. 

The process of this invention can be performed by polycondensing the polyester-forming materials 
described above in the molten state in the presence of the aforesaid low-molecular-weight compound. 

Assuming that a wholly aromatic polyester of the same degree of polymerization is to be formed, the 
polycondensation temperature according to the process of this invention can be greatly reduced from that 

w used in the case of polycondensing only the polyester-forming materials because the polycondensation is 
performed in the presence of the low-molecular-weight compound. 

Except that the polycondensation temperature can be maintained at a much lower level as shown 
above, the operation of the polycondensation reaction itself can be carried out by methods known per se, 
for example those disclosed in US-A 4333907 and EP-A 0024499 and EP-A 0049902. 

75 Generally, in a process for producing a wholly aromatic polyester by polycondensation in the molten 
state, the melting point of the mass in the reaction system tends to become gradually higher as the 
polycondensation proceeds, and it is often observed that at a stage where the degree of polymerization of 
the resulting wholly aromatic polyester is still not too high, the melting point of the mass in the reaction 
system exceeds 320-330 °C, or the melt viscosity of the mass is very high even if its melting point is below 

20 330°C. 

According to the process of this invention, it is possible generally to continue polycondensation in the 
molten state at a temperature of not more than about 330°C until a wholly aromatic polyester having a fairly 
high degree of polymerization, for example a highly polymerized wholly aromatic polyester having a melt 
viscosity at 380°C of at least 5,000 Pa.s at a shear rate of 100 s~\ is formed. 
25 Temperatures of 320 to 330 °C have a practical significance in that they are suited for materials 
constituting ordinary reaction vessels used to perform polyester-forming polycondensation, and that above 
these temperatures, heat decomposition. of the resulting wholly aromatic polyester gradually increases. 

The polycondensation reaction in accordance with this invention is carried out by methods known per 
se as stated hereinbelow. 

30 Preferably used as the polyester-forming, materials are a mixture consisting mainly of an aromatic 
dicarboxylic acid or its ester-forming derivative and an aromatic dihydroxy compound or its ester-forming 
derivative, preferably a mixture consisting mainly of an ester-forming derivative of an aromatic dicarboxylic 
acid and an aromatic dihydroxy compound; and a mixture consisting mainly of the above mixture and an 
aromatic hydroxycarboxylic acid or its ester-forming derivative, preferably a mixture consisting mainly of an 

35 aromatic dicarboxylic acid, and ester-forming derivative of an aromatic dihydroxy compound and an ester- 
forming derivative of an aromatic hydroxycarboxylic acid at the hydroxyl group, or a mixture consisting of 
an ester-forming derivative of an aromatic dicarboxylic acid, an aromatic dihydroxy compound and an ester- 
forming derivative of an aromatic hydroxycarboxylic acid at the carboxyl group. 

Specific examples of the ester-forming derivatives in these polyester-forming materials are given 

40 hereinabove. 

It will be readily appreciated that by using the aforesaid polyester-forming starting mixtures, there can 
be obtained a wholly aromatic polyester composition comprising an aromatic dicarboxylic acid and an 
aromatic dihydroxy compound as main components, and a wholly aromatic polyester composition compris- 
ing an aromatic dicarboxylic acid, an aromatic dihydroxy compound and an aromatic hydroxycarboxylic acid 
4$ as main components. 

The wholly aromatic polyester in the resulting wholly aromatic polyester composition can form either an 
optically isotropic melt or an optically anisotropic melt For example, a wholly aromatic polyester containing 
p-hydroxybenzoic acid as one main component forms an optically anisotropic melt if the amount of the p- 
hydroxybenzoic acid is at least about 40 mole%. A wholly aromatic polyester composition not containing an 

so aromatic hydroxycarboxylic acid as a main component may form an optically anisotropic melt depending 
upon the combination of the aromatic dicarboxylic acid and the aromatic dihydroxy compound. Such 
combinations are disclosed for example in US-A 4118372 and JP-B 482/1980. 

According to the process of this invention in which the polyester-forming materials are polycondensed 
in the molten state in the presence of the aforesaid low-molecular-weight compound, a composition 

55 containing a wholly aromatic polyester having an Increased degree of polymerization can be produced at 
the same polycondensation temperature as compared with a conventional polycondensation process in 
which the polycondensation in the molten state is carried out in the absence of such a low-molecular-weight 
compound. The composition thus obtained by polycondensation in the molten state can, as required, be 
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subjected to solid-phase polymerization in order to form a wholly aromatic polyester having a further 
increased degree of polymerization. The solid-phase polymerization can be carried out in the same way as 
known methods for producing wholly aromatic polyesters by solid-phase polymerization. Specifically, the 
solid-polymerization can be carried out by heating a powder or granules of the wholly aromatic polyester 
5 composition at 200°C to a temperature about 10°C lower than the melting point of the wholly aromatic 
polyester composition, preferably about 230 to about 300 °C, under reduced pressure to atmospheric 
pressure, preferably under reduced pressure of, for example, not more than 2660 Pa, in an atmosphere of, 
for example, nitrogen gas. 

As stated hereinabove, the wholly aromatic polyester composition of this invention can also be 
10 produced by melt-mixing the wholly aromatic polyester with the low-molecular-weight compound. This 
wholly aromatic polyester can be produced by a polycondensation process known per se, for example the 
process described in US-A 4,333,907. If the wholly aromatic polyester is to be produced by further 
performing solid-phase polymerization subsequent to melt-polymerization, the suitable solid-phase poly- 
merization temperature to be employed is, for example, from 200 °C to a temperature about 10°C lower 
75 than the melting point of the wholly aromatic polyester, preferably from about 230°C to about 300°C. 

Thus, according to this invention, there is provided a wholly aromatic polyester composition comprising 
100 parts by weight of the wholly aromatic polyester and 5 to 300 parts by weight, preferably 10 to 200 
parts by weight, of the low-molecular-weight compound being substantially non-reactive with the wholly 
aromatic polyester and having a boiling point at atmospheric pressure of at least about 200 °C and a 
20 molecular weight of not more than 1 ,000. 

Furthermore, where the wholly aromatic polyester forms an optically anistropic melt, the present 
invention provides a preferred wholly aromatic polyester composition comprising 100 parts by weight of the 
wholly aromatic polyester and 50 to 150 parts by weight of the low-molecular-weight compound. Likewise, 
where the wholly aromatic polyester is optically isotropic in the molten state, the present invention provides 
25 a preferred wholly aromatic polyester composition comprising 100 parts by weight of the wholly aromatic 
polyester and 10 to 50 parts by weight of the low-molecular-weight compound. 

The wholly aromatic polyester composition provided by this invention can be converted, for example, to 
a film-like or fibrous article by a melt-shaping method. 

Accordingly; the present invention further provides a process for producing a film-like or fibrous article 
30 of a wholly aromatic polyester, which comprises 

(1) shaping an unstretched film-like or fibrous article by melt-shaping from the aforesaid wholly 
aromatic polyester composition, and 

(2) either removing at least a major portion of the low-molecular- weight compound from the 
unstretched film-like or fibrous article by extraction with an organic solvent capable of dissolving the low- 

35 molecular-weight compound but substantially incapable of dissolving the wholly aromatic polyester under 
the extracting conditions; or stretching the unstretched film-like or fibrous article, and then, as desired, heat- 
setting the stretched article, and removing at least a major portion of the low-molecular-weight compound 
from the stretched article by extraction with an organic solvent having the same properties as above. 

The composition of this invention is provided by a melt-polycondensation process as a composition 

40 comprising a wholly aromatic polyester having a high degree of polymerization which cannot be obtained in 
the prior art by melt poly-condensation only. The composition of the invention, therefore, has the advantage 
that it can be molded at a lower temperature, or at the same temperature but with less loads, than the 
wholly aromatic polyester itself, assuming that the wholly aromatic polyesters have the same degree of 
polymerization. 

45 Furthermore, since the composition of this invention contains the low-molecular-weight compound, even 
when the wholly aromatic polyester itself forms an optically anisotropic melt, the wholly aromatic polyester 
composition can form a melt which is optically isotropic. When an optically isotropic melt of the composition 
of this invention containing a wholly aromatic polyester capable of forming an optically anisotropic melt is 
melt-molded, there can, for example, be produced a substantially non-oriented unstretched film. This is 

50 advantageous In view of the fact that when an optically anisotropic wholly aromatic polyester melt is melt- 
molded, there can normally be produced only a monoaxially oriented unstretched film, for example. As will 
be described below in detail, this means that a substantially biaxially oriented stretched film can be 
produced from a wholly aromatic polyester capable of forming an optically anisotropic melt by using 
conventional stretching apparatuses. In addition to this advantage, it also means that a biaxially stretched 

55 film of a wholly aromatic polyester has better properties than a biaxially stretched film obtained from a 
wholly aromatic polyester capable of giving an optically isotropic melt because a wholly aromatic polyester 
forming an optically anisotropic melt generally has more rigid molecular chains than the wholly aromatic 
polyester forming an optically isotropic melt. 
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Proceeding from this invention, an unstretched film-like or fibrous article is formed by melt-molding the 
wholly aromatic polyester composition of this invention. 

Melt-molding can be effected, for example, by extruding a melt of the wholly aromatic polyester 
composition through a slit or nozzle using an apparatus usually employed for the melt molding of an 
5 aromatic polyester such as polyethylene terephthalate. 

The resulting unstretched film-like or fibrous article is then extracted with an organic solvent to remove 
at least a major portion of the low-molecular-weight compound contained in it. Extraction with organic 
solvents may be performed on the unstretched film-like or fibrous article, or after it is stretched, or after it is 
stretched and heat-set. 

70 The extraction is carried out by using an organic solvent which can dissolve the low-molecular-weight 
compound but does not substantially dissolve the wholly aromatic polyester under the extracting conditions, 
preferably an organic solvent which in addition to meeting the above requirement, is liquid at ambient 
temperature and has a boiling point of less than about 200°C under atomospheric pressure. 

The organic solvent preferably include aromatic hydrocarbons having 6 to 9 carbon atoms, halogenated 

75 hydrocarbons having 1 or 2 carbon atoms, aliphatic ketones having 3 to 6 carbon atoms, aliphatic esters 
having 3 to 6 carbon atoms, 5-or 6-membered cyclic ethers, and aliphatic alcohols having 1 to 3 carbon 
atoms. 

Specific examples of the organic solvent include aromatic hydrocarbons having 6 to 9 carbon atoms 
such as benzene, toluene, ethylbenzene, xylene, cumene and pseudocumene; halogenated aliphatic 

20 hydrocarbons having 1 or 2 carbon atoms such as methylene chloride,, chloroform, and dichloroethane; 
aliphatic ketones having 3 to 6 carbon atoms such as acetone, methyl ethyl ketone and methyl isobutyl 
ketone; aliphatic esters having 3 to 6 carbon atoms such as methyl acetate, ethyl acetate, propyl acetate, 
methyl propionate, ethyl propionate and propyl propionate; 5-or 6-membered cyclic ethers such as 
tetrahydrofuran and dioxane; and aliphatic alcohols having 1 to 3 carbon atoms such as methanol, ethanol 

25 and propanol. 

Of these, aromatic hydrocarbons having 6 to 9 carbon atoms, halogenated hydrocarbons having 1 or 2 
carbon atoms, and 5-or 6-membered cyclic ethers are especially preferred. 

The extraction with the organic solvent is advantageously carried out on a unstretched or stretched film- 
like article having a thickness of not more than about 1 mm, preferably about 1 to about 500 urn or on a 
30 unstretched or stretched fibrous article having a diameter of not more than about 1 mm, preferably about 3 
to about 400 urn. 

Preferably, the extraction is carried out under tension, and can be carried out at a temperature between 
ambient temperature and the boiling point of the organic solvent used. The optimal extracting time required 
for the extraction varies depending upon the organic solvent used, the thickness of the film-like article to be 

35 submitted to the extraction, the diameter of the fibrous article to be submitted to the extraction, the amount 
of the low-molecular-weight compound contained in the film-like or fibrous article, the extracting tempera- 
ture, etc. Generally, the optimal time required for the extraction becomes shorter as the thickness of the 
film-like article becomes smaller, the diameter of the fibrous article becomes smaller, and the extracting 
temperature becomes higher. 

40 In many cases, the extraction can be terminated in several second to about 1 hour. Thus, there can be 
obtained a film-like or fibrous article from which at least about 90% by weight, preferably at least about 
95% by weight, above all at least about 99% by weight, of the low-molecular- weight compound contained in 
it has been removed. ( 

The extraction can be carried out by passing the running film-like or fibrous article through the organic 

45 solvent, or by dipping the stationary film-like or fibrous article in the organic solvent. In either case, the 
organic solvent may be flowing or stationary. Desirably, at least one of the film-like or fibrous article and the 
organic solvent is running or flowing. The amount of the organic solvent used for the extraction should of 
course be sufficient to dissolve all of the low-molecular-weight compound to be extracted. Usually, it is at 
least- about 10 times, preferably at least about 15 times, the weight of the film-like or fibrous article. 

so The stretching before the extraction treatment is carried out by a known method monoaxially (the 
fibrous or film-like article), or biaxially (the film-like article) simultaneously or sequentially. 

Let the heat distortion temperature of the wholly aromatic polyester composition be T g (°C) and its 
melting point be T m (°C), then the stretching temperature (Ti, °C) for monoaxial stretching and simulta- 
neous biaxial stretching is given by the following equation. 

55 T g -IOSTiSTm-20, 
preferably 

T 0 -5 S Ti S T m -30. 
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In the case of sequential biaxial stretching, the stretching temperature in the first stretching is the 
temperature Ti given by the above equation, and the stretching temperature (T2, °C) in the second step is 
given by the following equation. 
T 2 *T, 

5 The stretch ratio is usually about 2 to 10 in the case of the fibrous article, and about 2 to 30 in terms of 

area ratios in the case of the film-like article. 

Since the wholly aromatic polyester composition used in the process of this invention contains the low- 

rnolecular-weight compound, Its melt viscosity is lower than that of the wholly aromatic polyester itself 

contained in the composition. Hence, a very thin fibrous or film-like article can be- produced even from the 
70 composition containing a wholly aromatic polyester having a high molecular weight. 

Heat-setting before the extraction step is carried out under tension. The heat-setting temperature (T 5 , 

°C) for the article obtained by monoaxial stretching or simultaneous biaxial stretching is given by the 

following equation. 

T1 + 5 S T 8 S T m -10 

75 wherein Ti is the stretching temperature (°C) and T m is the melting point (°C) of the wholly aromatic 
polyester composition. 

In the case of the sequential biaxial stretching, the heat-setting temperature T s is given by the following 
equation 

T 2 + 5ST 8 .ST m -10 
20 wherein T 2 is the temperature (°C) of the second stretching and T m is as defined. 
The heat setting can be carried out usually for a period of 1 s to 10 min. 

The unstretched or stretched film-like or fibrous article from which at least a major portion of the low- 
molecular-weight compound contained in it has been removed by extraction may then be^stretched, or heat- 
set, or stretched and then heat-set, as desired. 
25 Stretching after the extracting step can be carried out at the same stretching temperature as described 
above with respect to stretching before extraction except that the heat-distortion temperature of the wholly 
aromatic polyester Is substituted for the heat-distortion temperature of the wholly aromatic polyester 
composition in the equations given. The stretching ratio may be the same as that used before the 
extraction. Generally, the sum of the stretching ratio before extraction and that after extraction is within the 
30 above-given range of the stretch ratio before the extraction. 

Heat-setting after the extraction step can be carried out under the same conditions as in the heat-setting 
before extraction except that the melting point of the wholly aromatic polyester is substituted for the melting 
point of the wholly aromatic polyester composition in the equations given. 

Thus, according to the process of this invention, there can be produced a film-like or fibrous article of a 
35 wholly aromatic polyester which is substantially free from the low-molecular-weight compound or contains it 
in an amount of 1 part by weight at most per 100 parts by weight of the wholly aromatic polyester. 

Since the film-like or fibrous article provided by this invention has excellent mechanical properties and 
heat resistance, the film-like structure can be used as metal-coated films obtained by vacuum deposition, 
flexible printed circuit films, films for magnetic tapes and electrical insulating films, and the fibrous article 
40 can be used, for example, as rubber reinforcing material. 

The following examples illustrate the present invention in greater detail. It should be understood that the 
invention is in no way limited by these examples. 

The various properties in these examples are measured or defined as follows: 

45 

Parts 

All parts are by weight unless otherwise specified. 

50 

Strength or tenacity, Young's modulus and elongation 

Measured at a tensile speed of 100%/min. using an Instron tester. 

55 
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Reduced specific viscosity 

Determined at 35°C for a solution in a mixed solvent of phenol and tetrachloroethane (60:40 by weight) 
in a polymer concentration of 1.2 g/dl. 

5 

Melt viscosity 

About 1 g of the sample is filled in a cylinder having a cross sectional area of 1 cm 2 and equipped with 
to an extruding nozzle with a diameter of 1 mm and a length of 5 mm, and the melt viscosity of the sample is 
measured by a flow tester. 

Where the wholly aromatic polyester is optically isotropic in the molten state, the melting point (T m for 
the polymer and T m , for the composition) is measured at a temperature elevating rate of 16°C/min by using 
a differential thermal analyzer (DSC-1B, made by Perkin-Elmer Company). Where the wholly aromatic 
15 polyester is optically anisotropic in the molten state, the temperature at which the solid is transformed into 
an optically isotropic melt (T N for the polymer, and TV for the composition) and the temperature at which 
the solid or optically anisotropic melt is transformed into an optically isotropic melt (T L for the polymer, and 
T t * for the composition) are measured by means of a micro melting point measuring instrument. 

20 

Heat distortion temperature of the wholly aromatic polyester composition or the wholly aromatic polyeseter 

An amorphous test film having a thickness of 500 urn, a width of 1 cm and a length of about 6 cm is 
25 prepared by melt shaping, and placed on a support stand having two fulcra apart from each other by a 
distance of 3 cm (each fulcrum having a width of 2 cm). A weight (10 g) is placed on the test film 
substantially midway between the two fulcra. The entire assembly is then submerged in a silicone oil bath. 
Then, the temperature of the silicone oil bath is raised at a rate of about 4°C/min. The temperature at which 
the central part of the test film having the weight placed thereon descends 1 cm from the upper end of the 
30 fulcra is measured, and defined as the heat distortion temperature. 



Percent extraction (% by weight) of the low-molecular-weight compound 

35 Calculated from the difference in the weight of the sample before and after extraction. 
The following examples illustrate the present invention more specifically. 



Examples 1 to 4 and Comparative Example 1 

40 

(1) A polycondensation reactor equipped with a stirrer was charged with 1908 parts of diphenyl 
isophthalate, 554 parts of hydroquinone, 287 parts of 2.2-bis(p-hydroxyphenyl)propane and 0.7 part of 
antimony trioxide as a polycondensation catalyst. Under a nitrogen gas stream, the mixture was heated to 
250 to 290°C over the course of 120 min while distilling off the resulting phenol out of the reaction system. 

45 The temperature was further raised to 330 °C, and the inside of the reaction system was gradually reduced, 
and in 60 min the pressure of the reaction system was adjusted to not more than about 266 Pa. The 
reaction mixture was further heated for 15 min under this pressure. The molten polymer obtained was 
cooled, pulverized to a size of 0.84 to 1.68 mm (10 to 20 mesh), and then further polymerized in the solid • 
phase at 290°C and about 26.6 Pa for 17 h. The resulting polymer had a reduced specific viscosity of 0.98, 

so a melting point of 355°C, and a melt viscosity at 360°C of 1 ,200 Pa.s. 

(2) The polymer was dried, and 100 parts of the dried polymer was melt-mixed at 370°C with a 
predetermined amount of each of the low-molecular-weight compounds shown in Table 1 by means of an 
extruder. The mixture was then cooled and formed into chips for molding. The melting points, and melt 
viscosities (at 330°C and 360°C) of the resulting molding compositions are shown in Table 1. 

55 
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Table 1 



5 




Low-molecular-weight 
compound (parts) 


Melting 


Melt viscosity (Pa. s) 




Example 


point (Tm 1 ) 
(°C) 


330°C 


360°C 


70 


1 


4 , 4 • -bisphthalimido- 


329 


780 


340 


75 


2 


4 , 4 1 -diphenoxydiphenyl- ! 
sulfone "(35) 


320 


450 


200 


3 


4,4' -bis { 4-phenylphenoxy ) - 
diphenylsulfone (25) 


325 


720 


300 


20 


4 


4, 4'-bis{4-phenoxyphenoxy)- 
diphenylsulfone (30) 


325 


v 730 


310 




Comp. 
Ex. 1 


None 


355 


Infusible 


1,200 



The starting polymer (Comparative Example 1) did not melt at 330°C, and showed a very high melt 
viscosity at 360°C. In contrast, the molding compositions in accordance with this invention had lower 
melting points and melt viscosities than those of the polymer itself, and thus showed excellent moldability. 



Example 5 to 6 and Comparative Example 2 

A reactor equipped with a stirrer was charged with 318 parts of diphenyl isophthalate, 96.8 parts of 
hydroquinone, 50.2 parts of 2,2-bis(p-hydroxyphenyl)propane and 0.12 part of antimony trioxide together 
with a predetermined amount of each of the low-molecular-weight compounds shown in Table 2. Under a 
nitrogen gas stream, the mixture was heated at 280°C for 60 min and then at 300°C for 30 min while, 
distilling off the resulting phenol out of the reaction system. The temperature was further raised to 330°C, 
and the inside pressure of the reaction system was gradually reduced, and in 30 minutes, adjusted to below 
about 66.6 Pa (absolute). The reaction was carried out at this pressure for an addition 60 min. 

Table 2 summarizes the melt viscosities of the resulting polymers which were determined from the 
stirring torque, the reduced specific viscosities of the polymers after they were treated in chip form in 
xylene for 1 h under refluxing of xylene to extract the respective low-molecular-weight compounds, and the 
melting points of the polymers which were measured before and after the extraction treatment. 

For comparison, the above polymerization was repeated except that no low-molecular-weight compound 
was used. The reaction product solidified during reaction under reduced pressure. When the solidified 
reaction product was pulverized to a size of 0,84 to 1.68 mm and then reacted at 270°C under a pressure 
of about 66.6 Pa, a period of 24 h was required until the reduced specific viscosity of the polymer reached 
0.99. 



50 



55 
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Table 2 



5 


Example 


Low-molecular-weigjit 
compound (parts) 


Melt 
vis co— 
sity 
(Pa-s) 


Reduced 


Melting point 
(°C) 


10 


specific 
viscosity 


before 
extrac- 
tion 


after 
extrac- 
tion 




5 


4 , 4 1 -diphenoxydi- 
phenylsulfone (70) 


1 ,250 


1.10 


325 


351 


IS 


6 


4 , 4 1 -bis ( 4-phenyl- 
phenoxy ) dipheny 1- 
sulfcne (50) 


2,500 


1.10 


320 


351 


20 


Comp. 
Ex. 2 


None 




0^99 


354 





Examples 7 and 8 and Comparative Example 3 

25 " ~ ' " 

A three-necked reactor equipped with a stirrer was charged with 214 parts of phenyl p-hydroxyben- 
zoate, 318 parts of diphenyl isophthalate, 115.5 parts of hydroquinone. 0.35 part of antimony trioxide and a 
predetermined amount of each of the compounds shown in Table 3. These materials were reacted at 240 to 
280°C under atmospheric pressure for 90 min. Then, the pressure of the inside of the reactor was gradually 
30 reduced, and the temperature was gradually raised. In 30 min, the pressure was about 13.3 Pa (absolute) 
and the temperature was 330 °C. Under these conditions, the rection was carried out for the periods 
(reduced pressure reaction time) indicated in Table 3. The resulting polymer composition was pulverized to 
form chips. 

The transition temperatures (T N ', T L ') of the resulting composition in chips, and the reduced specific 
35 viscosity (n sp , c ) and transition temperatures (T N , T L ) of the polymer obtained by extracting the above 
composition with dioxane under reflux are shown in Table 3. 

It is seen from Table 3 that the polymer left after extraction of the diphenyl sulfone compound showed 
melting anisotropy at more than about 300°C and did not change even at 370°C (T L >370°C), whereas the 
compositions of this invention became optically isotropic melts at temperatures higher than T L , shown in 
40 Table 3. 

For comparison (Comparative Example 3), polycondensation was carried out under the same conditions 
as above except that no diphenyl sulfone was added. During the reaction under reduced pressure, the melt 
viscosity of the reaction product abruptly increased to make the stirring of the reaction mixture impossible. 
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Example 9 and Comparative Example 4 

Example 7 was repeated except that 256.8 parts of phenyl p-hydroxybenzoate. 254.4 parts of diphenyl 
isophthalate, 92.4 parts of hydroquinone and 336 parts of the compound shown in Table 4 were used 
instead of the materials indicated in Example 7, and the reaction time at about 13.3 Pa (absolute) was 
changed as shown in Table 4. The properties of the resulting composition are shown in Table 4. 



Table 4 



Ex- 
ample 


Diphenyl sulfone 
compound 


Reduced 
pressure 
reaction 
time 

(min) 


Transition 
temperatures 
of the 
composition 
(°C) 


(n sp/c ] 
of the 
polymer 


Transition 
temperatures 
of the 
polymer 
(°C) 


V 




T N 


T L 


9 


4 , 4 1 -bisphthalimido- 
diphenyl sulfone 


180 


302 


340 


(*) 


320 


>370 



{*): The polymer was insoluble in the solvent used 
for the measurement of its viscosity. 



For comparison (Comparative Example 4), the above reaction was repeated except that no diphenyl 
sulfone compound was added. The reaction product solidified during reaction under reduced pressure. 

The composition obtained in Example 9 had a melt viscosity (measured at a temperature of 380°C and 
a shear rate of 100 s" 1 ) of 2,200 Pa.s and after extraction with dioxane showed a melt viscosity (measured 
at a temperature of 380°C and a shear rate of 100 s" 1 ) of 5,200 Pa.s. The extracting treatment with dioxane 
was carried out by refluxing 10 parts of the composition (pulverized to a size of 1.68 to 0.84 mm) in a 
Soxhlet extractor for 2 h using 300 parts of dioxane. 

• 

Example 10 

The unstretched film obtained in Example 7 was stretched simultaneously in the machine and 
transverse directions at 130°C to 2.0 and 3.0 times, then dipped In chloroform under reflux for 15 min under 
tension, and then dried. 

The resulting film was heat-treated for 10 s in a silicone oil bath at 220° C while maintaining it under 
20% stretch both in the machine and transverse directions. The resulting film had the properties shown in 
Table 5. 



Table 5 



Properties 


MD 


TD 


Strength (bar) 

Young's modulus (10 bar) 

Elongation (%) 


2401 
494.9 

21 


2822 
666.4 

11 
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Examples 11 and 12 

An unstretched film was prepared in the following way using the composition obtained in Example 7: 
The composition was dried and extruded at a cylinder temperature of 370°C through a T-die having a 
5 slit with a width of 0.3 mm and a length of 10 cm. 

The film had a heat distortion temperature of 135°C. The film was stretched to 3.5 times in the 
transverse direction at 170°C, dipped for 15 min in dioxane under reflux at constant length, dried, and then 
stretched to 2 times in the machine direction at 200°C. The amount of 4,4'-bisphthalimide diphenyl sulfone 
remaining in the film was 0.3% by weight. 
10 The properties of the film (Example 11) and the properties of a film (Example 12) obtained by heat- 
treating the aforesaid film while it was stretched to 1.2 times in the transverse direction at 240 °C are shown 
in Table 6. 



Table 6 



Example 


Strength 
(bar)" 


Young's modulus 
(bar) 


Elongation 
(%) 


TD 


MD 


TD 


MD 


TD 


MD 


11 


2998 


1891 


83300 


36750 


17 


14 - 


12 


4145 


1685 


109760 


28714 


6 


19 



Examples 13 and 14 

30 

The molding composition obtained in Example 8 was dried, melt-extruded at 350°C through a spinneret 
having an orifice diameter of 1 mm to form unstretched filaments which had a heat distortion temperature of 
115°C. 

The unstretched filaments were stretched to 3.2 times on a hot plate at 180°C. dipped for 15 min in 
35 dioxane under reflux at constant length, and dried (Example 13). 

Alternatively, the stretched filaments were heat-treated under tension by raising the temperature from 
250°C to 290 P C at about 13.3 Pa (absolute) over the course of 1 h (Example 14). 
The properties of the treated filaments are shown in Table 7. 



Table 7 



Example 


Strength 
(MPa) 


Young's modulus 
(MPa) 


Elongation 
(%) 


13 


576.2 


22343 


5 


14 


1655 


28075 


8 



Example 15 

Diphenyl terephthalate (270 parts), 48 parts of diphenyl isophthalate, 198 part of t-amylhydroquinone, 
0.12 part of antimony trioxide and 40 parts of 4,4 -bis(4-t-octy I phenoxy)di phenyl sulfone were reacted under 
the same conditions as in Example 1. The resulting polymer had a melt viscosity of 500 Pa.s at 360°C and 
1.500 Pa.s at 330°C, and a melting point of 250°C. 
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When 100 parts of the polymer was dipped in 500 parts of xylene under reflux for 1 h 11 parts of the 
4,4'-bis(4-t-octylphenoxy)diphenylsulfone could be extracted. After extraction, the polymer had a reduced 
viscosity of 4.50 and a melting point of 305°C. 



Claims 

1 . A wholly aromatic polymer composition comprising 

(a) 100 parts by weight of a wholly aromatic polyester containing as a main component at least one 
compound selected from the group consisting of aromatic dicarboxylic acids, aromatic dihydroxy com- 
pounds and aromatic hydroxycarboxylic acids, and 

(b) from 5 to 300 parts by weight of a low-molecular-weight compound, which is non-reactive with the 
wholly aromatic polyester and has a boiling point of at least 200°C under atmospheric pressure and a 
molecular weight of not more than 1,000 and is selected from the group consisting of 4,4-diphenox- 
ydiphenylsulfone, 4,4'-bis(4-chlorophenoxy)diphenylsulfone, 4,4'-bis(3-chlorophenoxy)diphenylsulfone i 4,4'- 
bis-(2-chlorophenoxy)diphenylsulfone. 4,4'-bis(4-phenylphenoxy) diphenylsulfone, 4,4'-bis(3-phenylphenoxy)- 
diphenylsulfone, 4,4'-bis(2-phenylphenoxy)diphenylsulfone f 4,4'-bis(4-t-butylphenoxy>diphenylsulfone l 4,4'- 
bis(3-t-butylphenoxy)diphenylsulfone. 4,4'-bis(2-t-butylphenoxy)diphenylsulfone, 4,4'-bis(4-octylphenoxy)- 
diphenylsulfone, 4,4'-bis(3-octylphenoxy)-diphenylsulfone, 4,4'-bis(2-octylphenoxy)di phenyls ulf one, 4,4'-bis- 
(alpha-naphthyloxy)diphenylsulfone, 4,4'bis-(beta-naphthyloxy)diphenylsulfone. 4,4-bisphthalimidodiphenyl- 
sulfone, 4,4'-bis(4-phenoxyphenoxy)diphenylsulfone, 3,3-bisphthalimidodiphenylsulfone and 4,4'-bis(4-t-oc- 
tylphenoxy)diphenylsulfone. 

2. The composition of claim 1 wherein the wholly aromatic polyester contains an aromatic dicarboxylic 
acid and an aromatic dihydroxy compound as main components. 

3. The composition of claim 1 .wherein the wholly aromatic polyester contains an aromatic dicarboxylic 
acid, an aromatic dihydroxy compound and an aromatic hydroxycarboxylic acid as main components. 

4. The composition of anyone of claims 1 to 3, comprising a wholly aromatic polyester the melt of 
which is optically anisotropic. 

5. The composition of anyone of claims 1 to 4, wherein the wholly aromatic polyester is one which 
forms an optically anisotropic melt, and the amount of the low-molecular-weight compound is 50 to 150 
parts by weight. 

6. The composition of anyone of claims 1 to 3, comprising a wholly aromatic polyester the melt of 
which is optically isotropic, and an amount of the low-molecular-weight, compound of 10 to 50 parts by 
weight. 

7. A process for producing the wholly aromatic polyester composition of claim 1, which comprises 
polycondensing in the molten state a polyester-forming starting mixture consisting mainly of at least one 
compound selected from the group consisting of aromatic dicarboxylic adds, aromatic dihydroxy com- 
pounds, aromatic hydroxycarboxylic acids and ester-forming derivatives of these compounds in the 
presence of a low-molecular-weight compound having a molecular weight of not more than 1,000 which is 
non-reactive with the starting mixture and the resulting wholly aromatic polyester, and optionally further 
polymerizing the resulting wholly aromatic polyester in the solid state, thereby converting the starting 
mixture to a wholly aromatic polyester. 
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